Purpose The intention of the current work was to assess the association between clinical parameters and seven different quality of life (QoL) instruments after surgical treatment of thoracolumbar spinal fractures after an average follow-up of 4.2 years. Methods The following human-related quality of life and PRO measures of 66 patients were correlated to clinical parameters such as fingertip-to-floor distance (FFD), Schober measurement, pressure and percussion pain in the lumbopelvine area (PPP), and paravertebral muscle tension: reALOS, SF-36, VAS, VAS spine score, BDI, the GBB-24, and the IES-R. Results Overall, there was a significant association between the clinical parameters of the thoracolumbar spine such as PPP, paravertebral muscle tension, FFD and Schober's sign on one side, and the seven tested instruments on the other side.
Introduction
Patient reported outcome (PRO) measures and assessment of health-related quality of life (HRQoL) gain importance in all clinical fields including orthopedic trauma surgery and spine surgery. Fractures of the thoracolumbar spine are major injuries that often require surgical intervention and are known to have an important impact on the long-term outcome after trauma [1] . Most of the studies on the outcome after fractures of the thoracolumbar spine focused on radiological parameters, return to work, activity, and pain [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] without consideration of specific HRQoL outcome measures. Assessment of HRQoL after thoracolumbar fractures with generic instruments such as Short Form-36 health survey (SF-36) has only been reported in a few works [1, [17] [18] [19] [20] , which are all limited by the low number of the used HRQoL instruments. Only Briem et al. [1] used five different measures [Visual Analogue Scale (VAS), SF-36, Hannover Functional Ability Questionnaire (HFAQ), Pain Regulation Questionnaire (PRQ), and Post-traumatic Stress Disorder (PTSD) screening instrument by Stieglitz]. Furthermore, from typical clinical parameters in the outcome assessment after thoracolumbar spinal fractures such as fingertip-to-floor distance (FFD), pressure and percussion pain (PPP) of the thoracolumbar-pelvic area, and alterations of the paravertebral muscle tension, only FFD was reported in two studies after surgical treatment to have a significant association with a spine specific VAS [14, 16] . A significant association between a clinical parameter and a generic QoL measure such as SF-36 or instruments measuring depression or PTSD such as BDI and IES-R has never been shown.
The intention of the current work was to assess, after surgical treatment of thoracolumbar spinal fractures after an average follow-up of 4.2 years, the association between clinical parameters and seven different QoL instruments including generic measures (SF-36, VAS), spine specific instruments [Hannover spine score (VAS spine score)], traumatic specific measures [revised Aachen Longterm Outcome Score (reALOS)], and instruments measuring depression, physical complaints, and PTSD: revised Impact of Event Scale (IES-R), Beck Depression Inventory (BDI), and Giessener Complaint Questionnaire (GBB-24).
Patients and methods

Inclusion criteria
Patients after surgical treatment by dorsal, ventral or dorsoventral stabilization of a fracture of the lumbar (L2-L5), or thoracolumbar spine (Th12 and/or L1) at the Department of Trauma Surgery, University Hospital Aachen with an age between 18 and 65 years, adequate knowledge of German language, without a history of psychiatric disorders, residence \50 km away from Aachen, and a minimum follow-up of 1.5 years after initial surgery were included. Patients with serious post-traumatic neurological impairment (Frankel [21] scale A-D) at the time of followup were excluded.
Health-related quality of life parameters At the time of follow-up, all HRQoL-sheets (Table 1) were given to the patient with a short standardized instruction after their consent. Beside, the well-known PRO measures such as SF-36, revised-IES, Beck Depression Inventory, Giessener Complaint Questionnaire, and Visual Analogue Scale, two less known instruments were used. The revised Aachen Longterm Outcome Score (reALOS) is an outcome measure for polytraumatized patients, which has been used to asses quality of life (QoL) after trauma [22, 23] . Furthermore, the Hanoverian spine score (VAS spine score) assesses the patient-related outcome after spinal injury and has often been used in this context [14, 16, 18, 24] . Correct understanding of the questionnaires by the patient was evaluated followed by independent completion of the questionnaires to minimize potential interview bias. Subsequently, clinical examination of the patient was performed.
For a better comparison of the differences in between the different instruments, we translated the results of the HRQoL questionnaires percentaged.
Clinical parameters and clinical scores
Range of motion of the thoracolumbar spine was assessed by FFD and Schober, and Ott measurements. For pain assessment, the spinous processes and the facet joints of the thoracolumbar spine, the iliosacral joints, the dorsal iliac crest, and the dorsal superior iliac spine were examinated by finger pressure and hand percussion (PPP). If pain perception in one or more of these regions was remarked, the patient had PPP in the lumbopelvine area. Furthermore, painless and painful tension of the paravertebral muscles of the thoracolumbar spine was assessed by palpation with the thumb. The hardening of the paravertebral muscles of the thoracolumbar spine were compared to the region of the cervicothoracal spine. A comparable method was used by Michel et al. [25] .
Data analysis
For each clinical parameter, two groups were generated. The threshold for each parameter was either the median for FFD, Schober, and Ott measurement or the differentiation between painless and painful muscle tension and PPP. Thus, one group with a clinical outcome ''worse'' than the median and one group with a clinical outcome ''better'' than the median were generated for each parameter.
For each of the clinical parameters, median results of both groups for every HRQoL measure were calculated. Those results of the two groups were then analyzed for statistical significant differences using SPSS V12.0. Level of significance was considered to be \5 % with two sided t test. The simultaneously performed nonparametric tests (Wilcoxon, Kolmogorov-Smirnov, Wald-Wolfowitz) were also able to confirm the results.
For better comparison of the several HRQoL questionnaires, the results are presented in a percentage ratio with 100 % representing the highest possible figure and 0 % representing the lowest possible figure of each dimension.
Furthermore, we performed stepwise multiple regression analysis.
Results
Patients
In this retrospective study, 66 patients with 34 (51.5 %) male and 32 (48.5 %) female patients were included. The average age of the patients was 45.6 (±12. 
Vertebral fractures and surgical treatment
All above-mentioned patients suffered from fractures of the lumbar (L2-L5) (n = 24, 36.3 %) or thoracolumbar spine (Th12 and/or L1) (n = 42, 63.7 %). AO-Magerl type A3 burst fracture with an incidence of 50 cases (75.8 %) was by far the most frequent fracture type. Type B and Type C fractures occurred only in five (7.6 %) and two (3.0 %) cases, respectively. The other nine cases (13.6 %) were classified as type A2 fracture. In 15 cases (23 %), more than two motion segments were affected. All patients were surgically treated either by combined dorsoventral stabilization with internal fixateur and ventral fusion with autogenous anterior iliac crest bone graft/cage (n = 30, 45.5 %), stand-alone dorsal stabilization with internal fixateur and filling of the vertebra with autologous cancellous bone graft (direct or transpedicular) (n = 34, 51.5 %), or stand-alone ventral fusion and instrumentation (n = 2, 3.0 %). At time of follow-up in 60 out of 66 patients (91 %), the implant was already removed.
Clinical parameters 28 (42.4 %) of the patients showed no PPP in the lumbopelvine area, whereas 38 (57.6 %) of the patients reported of pressure and percussion pain in this region. Painful and painless paravertebral muscle tension was found in 17 (25.8 %) and 38 (57.6 %) of the patients. In 11 (16.7 %) of the patients, no muscle tension of the paravertebral muscles was found.
The FFD ranged from 0 to 60 cm with a median of 20.0 cm. Schober's sign ranged from 9 to 19 cm with a median of 14 cm, and Ott's sign ranged from 29 to 36 cm with an median of 31.7 cm.
As mentioned in the ''Materials and Methods'' section, the median of FFD was calculated to be 20.0 cm. 32 (48.5 %) patients exhibited an FFD of \20.0 cm and 34 
Clinical parameters and HRQoL
Overall, there was a significant association between the clinical parameters of the thoracolumbar spine such as pressure and percussion pain (PPP), paravertebral muscle tension, FFD and Schober's sign on one side, and the seven tested QoL instruments on the other side. Between Ott's sign, which mainly assesses range of motion of the upper thoracic spine and the tested HRQoL, no significance was found.
Pressure and percussion pain and HRQoL
PPP showed a significant association to reALOS, SF-36, VAS spine score, Visual Analogue Scale, GBB-24, BDI, and IES-R (Fig. 1) . PPP exhibited significant differences to 18 of 19 tested dimensions of these HRQoL instruments.
Patients without PPP had a significant better HRQoL outcome than those with PPP in one or more locations of the lumbopelvine area in 18 dimensions except of emotional role functioning of the SF-36.
Paravertebral muscle tension and HRQoL
Paravertebral muscle tension showed as well a significant association to all of the seven instruments (reALOS, SF-36, VAS spine score, VAS, GBB-24, the BDI, and the IES-R) (Fig. 2) . 15 of 19 dimensions yielded a significant difference between patients with and without painful paravertebral muscle tension in the outcome of HRQoL. Patients without painful paravertebral muscle tension had a significantly better QoL after trauma of the thoracolumbar spine.
Fingertip-to-floor distance and HRQoL
Patients with a smaller fingertip-to-floor distance than 20 cm had a significant better HRQoL in six of seven instruments compared to those with a distance more than 20 cm (Fig. 3 ). There was a significant difference between the two groups in the reALOS, SF-36, VAS spine score, VAS, GBB-24, and BDI. Only the IES-R did not exhibit significant differences. For all other six instruments, 14 of the 16 dimensions significant differences between the two groups existed.
Schober's sign and HRQoL
Patients with a Schober's measurement larger than 14 cm were found to have a better outcome in five of seven HRQoL instruments than those with a smaller measurement (Fig. 4) . In 8 of 19 dimensions of the reALOS, SF-36, VAS spine score, VAS, and BDI patients with a larger distance achieved a significant better QoL. Only GBB-24 and IES-R could not show a difference between these two groups.
Ott's sign and HRQoL
For Ott's sign, no significant difference between patients with a range of motion of the upper thoracic spine of more or\31.7 cm was found for all HRQoL dimensions (Fig. 5) .
Correlation analysis
The above-mentioned results of the t test and nonparametric analysis were confirmed by correlation analysis ( Measurements of forward bending demonstrated good reliability and validity to asses trunk mobility in the past [25] [26] [27] [28] [29] .
FFD is a global measurement for trunk motion and has several confounding factors such as flexibility of hamstring muscles or mobility of the pelvis. But, as a general instrument for assessing trunk mobility, it has a good reliability and is a common used measure in clinical practice [29] . Saur et al. [29] showed a good inter-observer reliability and a FFD of 0 cm in healthy patients without low back pain. Certainly, the variability among healthy patients in many clinical measures is high, especially regarding age, gender, and physical fitness; but in our study, we wanted to identify patients with lower HRQoL among injured patients. Compared to patients with Bechterew's disease (l = 19.71 ± 15.73), our results are almost the same. FFD was reported to be an important outcome parameter in spinal fracture patients [14, 16] . However, none of those studies could show statistically significant association between FFD and global HRQoL. Knop Specific range of motion measurement of the thoracolumbar spine (Schober) was mainly significantly related to spine and trauma specific instruments. Schober measurement showed statistical significant association to spine specific outcome measurements such as reALOS (3 of 4 dimensions) and VAS spine score (1 of 1), whereas in more general instruments such as SF-36 (2 of 8 dimensions), VAS (0 of 1), GBB-24 (0 of 1), and IES-R (0 of 3) only low association can be stated.
We have seen no significant difference in HRQoL and clinical measures, such as FFD or Schober's sign between the thoracolumbar (Th12/L1) and lumbar (L2-L5) group. This could be explicable due to complete removal of implants at the time of follow-up. Furthermore, no significant difference was noted if more than two motion segments were affected. But a limiting factor is the small sample size of 15 patients who suffered a fracture within more than two segments. There was no statistically significant association between cervicothoracal specific Ott measurement and general QoL or spine specific HRQoL measurement, which can be explained by the fact that the thoracolumbar but not the cervicothoracal spine was affected in the study group confirming the specificity of this study.
Further, strengths of the study are the considerable long follow-up with an average of 4.2 years of 66 patients with a minimum follow-up of 1.5 years. AO-Magerl type A3 burst fracture with an incidence of 50 cases (75.7 %) was by far the most frequent fracture type contributing to a homogenous study group. A limitation of this study is its retrospective character. Furthermore, the availability of the reALOS and the VAS spine score only in German language limits the transferability of these scores and their related detail results into the international community. The influence of the different operative techniques on HRQoL after thoracolumbar spine fracture was not object of this survey, because this would exceed the sample size. Although major multicenter studies [1, 14, 16] were performed, no correlation between different treatment options and HRQoL could be objectified so far.
For heuristic reasons, we performed stepwise multiple regression analysis, which also showed PPP and FFD as good predictors for HRQoL in reALOS, SF-36, and BDI. The study was intended to individually assess each clinical parameter in association to HRQoL instruments for every patient. Therefore, the different clinical parameters had to be analyzed for each patient depending on the fact whether the patient had achieved a better or worse outcome compared to the median for this parameter. The threshold for each parameter was either the median for FFD, Schober, and Ott measurement or the differentiation between painless and painful muscle tension and PPP. This method was chosen due to the fact that there are currently no other clear parameters for reliable assessment of clinical outcome after thoracolumbar spinal fractures. The abovementioned strong association justifies this approach.
For further research, a prospective clinical trial including global and spine specific instruments combining the strengths and overcoming the limitations of this study would be helpful to elucidate. Particularly, the comparison between percutaneous and open techniques in fracture treatment relating to HRQoL would be interesting and should be included in further related clinical studies.
Overall, it can be concluded that the current study is the first one to report on significant association of clinical parameters such as PPP, painful paravertebral muscle tension, FFD, Schober measurement, and seven different HRQoL instruments including generic measures (SF-36, VAS, VAS spine score, reALOS, IES-R, BDI, GBB-24) after surgical treatment of thoracolumbar fractures.
Conclusion
Besides the morphologic reconstruction of the anatomical structures, the subjective self-recognition of HRQoL is becoming more important in trauma surgery. A causal connection between operative method or medical treatment and outcome after traumatic spine surgery could not be found yet. Aim of this study was to widely assess HRQoL of patients after surgical treatment of a fractured lumbar or thoracolumbar spine. In summary, the spine trauma still has a deep impact on HRQoL four years after surgical treatment, in physical as well as in mental dimensions. PPP in the lumbopelvine area, painful paravertebral muscle tension, and a big FFD as well as a small Schober measurement are clinical parameters which strongly influence QoL. Patients had more adverse effects of HRQoL if they have PPP or a big FFD or small Schober measurement. 
